The pure anti-oestrogen fulvestrant has now been licensed for use in advanced breast cancer which has progressed on an anti-oestrogen. Optimal sequencing of various endocrine agents becomes very important in the therapeutic strategy. We report our experience of further endocrine response with another endocrine agent after prior fulvestrant treatment. Among all patients with advanced breast cancer who had been entered into five phase II/III trials using fulvestrant as first-to ninth-line endocrine therapy in our Unit since 1993, 54 patients who fulfilled the following criteria were studied for their subsequent endocrine response: (i) oestrogen receptor positive or unknown; (ii) having been on a subsequent endocrine therapy for i6 months unless the disease progressed before; and (iii) with disease assessable for response according to International Union Against Cancer criteria. Eleven patients had received an aromatase inhibitor prior to fulvestrant, which resulted in five CBs (clinical benefit=objective remission/stable disease (SD)) for i6 months). Twenty-eight patients achieved CB on fulvestrant. They went on subsequent endocrine therapy with two partial responses, 11 SDs and 15 PDs (progressive disease) at 6 months. The median survival from starting fulvestrant and subsequent endocrine therapy was respectively 46.6 and 18.2 months. Among the remaining 26 patients who progressed at 6 months on fulvestrant, there were three SDs and 23 PDs at 6 months on subsequent endocrine therapy. The median survival from starting fulvestrant and subsequent endocrine therapy was respectively 12.5 and 9.3 months. Of all these 54 patients, 30% (n=16) therefore achieved CB using another (second-to tenth-line) endocrine agent (anastrozole= 26; tamoxifen=12; megestrol acetate=11; others=5). It would thus appear that further endocrine response can be induced in a reasonable proportion of patients after failing fulvestrant.
Introduction
Endocrine therapies, such as tamoxifen and the aromatase inhibitors, are currently used for the treatment of hormone-sensitive advanced breast cancer, and lead to tumour regression or disease stabilisation in approximately 70% of patients when used upfront. While most tumours become resistant to initial endocrine therapy, many retain hormone sensitivity and respond to subsequent endocrine treatments. This sequential use of endocrine therapies may offer marked quality of life advantages by delaying the need for cytotoxic chemotherapy in some patients. Fulvestrant is the first in a novel class of anti-oestrogens -an oestrogen-receptor down-regulator (Wakeling et al. 1991 . Fulvestrant is effective at inhibiting the growth of breast cancer cells in in vitro and in vivo models of tamoxifen resistance (Osborne et al. 1994 (Osborne et al. , 1995 . Phase I/II clinical studies in postmenopausal women with advanced breast cancer who have progressed following tamoxifen therapy indicate that fulvestrant is active and well tolerated (Howell et al. 1995 , 1996 , Cheung et al. 2001 . Recently reported phase III data have led to licensing of fulvestrant for clinical use in Europe and the United States (Howell et al. 2002 , Osborne et al. 2002 , Robertson et al. 2003 .
In our centre we have participated in five phase II/ III clinical trials which have examined the activity of fulvestrant in postmenopausal women with advanced breast cancer (Table 1) . Here we report a retrospective analysis of subsequent therapy data from these trials to evaluate the effects of further endocrine therapies in patients who received fulvestrant in our centre.
Patients and methods
The objective of the study was to obtain retrospective data from patients in all the above-mentioned clinical trials enrolled at Nottingham City Hospital to evaluate whether tumour responses to subsequent endocrine therapy were seen in patients who initially showed clinical benefit (CB) on fulvestrant and in those who failed to show such benefit.
All trials recruited postmenopausal women (defined as fulfilling any of the following criteria: aged i60 years; aged i45 years with amenorrhoea >12 months and an intact uterus; follicle-stimulating hormone levels within postmenopausal range; having undergone a bilateral oophorectomy) with breast cancer not considered amenable to curative treatment, a life expectancy of i3 months and a WHO performance status of j2.
Patients had to fulfil the following inclusion criteria in this retrospective analysis: (i) have a positive or unknown oestrogen receptor (ER) status; (ii) be in receipt of endocrine therapy following prior fulvestrant for i6 months (British Breast Group 1974) except for those who progressed within 6 months; and (iii) have disease assessable for response according to criteria laid down by the International Union Against Cancer (UICC) (Hayward et al. 1977) .
All patients received fulvestrant (AstraZeneca) 250 mg i.m. every 28t3 days, given predominantly by one breast-care research nurse (R O). All patients in this study continued treatment until disease progression. Upon disease progression they undertook further therapy as determined by one of the two clinicians (K L C and J F R R). Patients were followed up in the same breast cancer clinic and monitored for progression and survival until death. The responses to treatment with fulvestrant and subsequent treatment were assessed according to UICC criteria. Objective response (OR) was defined as complete response (CR) or partial response (PR). CB was defined as OR, or stable disease (SD) i24 weeks (Robertson et al. 1997 ).
Results
Fifty-four patients (mean age at the time of starting fulvestrant 67 years, range 33-90 years) fulfilled the selection criteria for inclusion in this analysis, with most patients (83%) having received fulvestrant as first-(n=18) or second-(n=27) line endocrine therapy. The remaining nine patients had fulvestrant as third-(n=6), fourth-(n=1), fifth-(n=1) and ninth-(n=1) line endocrine therapy. The majority of the tumours were ER positive (n=49), with only five having unknown ER status.
Eleven patients had received an aromatase inhibitor prior to fulvestrant and five patients subsequently derived CB with fulvestrant (Table 2) .
Twenty-eight patients (52%) derived CB from fulvestrant. The best responses to fulvestrant in all 54 patients were CR (n=1), PR (n=13) and SD (n=20). The median time to progression (TTP) on fulvestrant for all patients was 9.3 months (range An open phase II study of the in vivo biological effects of fulvestrant in either elderly patients with primary breast cancer or patients with locally advanced breast cancer in whom primary endocrine therapy is the treatment of choice 1-75 months). All patients subsequently received endocrine therapy consisting of anastrozole (AstraZeneca) (n=26), tamoxifen (n=12), megestrol acetate (Bristol-Myers Squibb) (n=11), exemestane (Pfizer) (n=3), ethinyloestradiol (n=1) or 'withdrawal' therapy (i.e. discontinuation of an endocrine agent aiming to induce a withdrawal response) (n=1). Such subsequent endocrine therapy resulted in two PRs, 14 SDs (i.e. 30% CB rate) and 38 progressive diseases (PDs) with a median TTP of 5.7 months (range 1-60 months). The median survival of all patients calculated from starting fulvestrant and from starting the subsequent endocrine therapy was respectively 25.9 and 13.7 months. The 28 patients who had derived CB from fulvestrant subsequently received different endocrine agents resulting in 13 CBs (46%) ( Table 3 ). The median survival of these 28 patients calculated from starting fulvestrant and from starting the subsequent endocrine therapy was respectively 46.6 and 18.2 months.
The remaining 26 patients who had not derived CB from fulvestrant subsequently received different endocrine agents resulting in three CBs (12%) ( Table 3 ). The median survival of these 26 patients calculated from starting fulvestrant and from starting the subsequent endocrine therapy was respectively 12.5 and 9.3 months.
Discussion
Data from two prospective multicentre randomised trials comparing 4-weekly fulvestrant 250 mg i.m. injections (n=423) with daily anastrozole 1 mg orally (n=423) for postmenopausal women with hormonesensitive advanced breast cancer progressing on tamoxifen showed equivalent efficacy, leading to licensing of fulvestrant as a second-line endocrine therapy (Howell et al. 2002 , Osborne et al. 2002 , Robertson et al. 2003 . One of the current and future clinical and research questions is on the optimal sequencing, given the number of potentially effective endocrine agents currently available. There are a number of important factors when sequencing of endocrine agents is considered. First, there should be a lack of cross-resistance among these agents due to different mechanisms of action. Secondly, both efficacy and tolerability benefits need to be looked at, with the most effective agent being used first. This should, however, allow maintenance of activity to subsequent endocrine therapy. The study reported in this paper aimed to find out, from the experience of a single centre, the activity of other endocrine agents following fulvestrant.
While the randomised trials showed efficacy of fulvestrant following tamoxifen, another important question relating to optimal sequencing is whether fulvestrant and other endocrine agents remain effective following an aromatase inhibitor. This is especially important given the recent data showing superiority of the third-generation aromatase inhibitors over tamoxifen as an adjuvant endocrine therapy. It can therefore be envisaged that fulvestrant, and other endocrine agents, will need to be used following progression on an aromatase inhibitor. The results from the study reported here have also shed some light on this question, confirming that fulvestrant remains effective following prior treatment with an aromatase inhibitor ( Table 2) . Endocrine-Related Cancer (2006) 13 251-255
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In the randomised trials using fulvestrant as second-line endocrine therapy following tamoxifen, a questionnaire survey to investigators from different participating centres demonstrated responsiveness to further endocrine therapy (predominantly aromatase inhibitors) (Vergote et al. 2003) . Among the 54 patients who derived CB from fulvestrant, subsequent endocrine therapy resulted in four PRs, 21 SDs and 29 PDs at 6 months (CB rate=46%). Data were also available from 51 patients who progressed on fulvestrant and who received further endocrine therapy, achieving one PR, 17 SDs and 33 PDs (CB rate=35%). Since the early 1990s, we have been taking part in most of the clinical trials (phase II/III) involving fulvestrant. Therefore, data from this paper support findings in the above study. It has the additional strength of obtaining trial data from a single centre. Furthermore, it has also demonstrated the responsiveness of further endocrine therapy after fulvestrant had been used, not only as second-line agent as described by Vergote et al., but as a first-to ninth-line agent, showing CB rates of 46 and 12% respectively in the groups who derived or did not derive CB on fulvestrant. The result certainly adds to the knowledge in sequencing endocrine therapies.
Furthermore, the prolonged survival following the use of fulvestrant and subsequent endocrine therapy is impressive, especially in the group who derived CB from fulvestrant (median being 46.6 and 18.2 months respectively).
In addition to demonstrating efficacy benefits, tolerability is an important factor in sequencing different agents. Fulvestrant, the only pure anti-oestrogen available for clinical use thus far, is unique in that it is the only endocrine agent administered i.m. Parenteral administration may have potential advantages in ensuring compliance and maintaining useful contacts with healthcare personnel, which may be reassuring, although i.m. injections have their limitations in patients with bleeding diathesis. Personal experience (Owers 2004) has not demonstrated significant problems with this route of administration and quality of life has been shown to be equivalent in both arms of patients receiving fulvestrant and anastrozole in the randomised trial mentioned above (Howell et al. 2002) .
While fulvestrant is a potent pure anti-oestrogen, it has not yet been shown to down-regulate the ER to a negligible level . It therefore remains uncertain as to whether the addition of an aromatase inhibitor (which produces oestrogen deprivation and clinically superior efficacy over tamoxifen) to fulvestrant will further improve efficacy without significantly worsening the side-effect profile. Such a combination approach is currently one of the key research questions being addressed by ongoing clinical trials. These trials compare fulvestrant with one of the third-generation aromatase inhibitors, and with their combination, in the pre-surgical setting for operable primary breast cancer, as a first-line endocrine therapy or after failing a non-steroidal aromatase inhibitor for hormone-sensitive postmenopausal advanced breast cancer.
In summary, clinical experience from our centre suggests that patients who respond to fulvestrant and then progress may retain sensitivity to subsequent endocrine therapy. Disease control with subsequent endocrine agents was also seen in some patients who did not respond to fulvestrant therapy. This does not apply only after fulvestrant has been used as first-or second-line therapy, but also after it has been used as a further endocrine agent. Fulvestrant provides an additional treatment option for advanced breast cancer following progression on prior endocrine therapy.
